This article presents an overview of current concepts of evidence-based diagnosis using a variety of imaging modalities for a broad spectrum of musculoskeletal conditions and syndromes. There is limited but increasing evidence that physical therapists appropriately use diagnostic studies in clinical practice. Pathology revealed by diagnostic studies must be viewed in the context of the complete examination, as pathology is common in the asymptomatic population. Special 
D
iagnostic imaging is an important tool for the differential diagnosis of many musculoskeletal conditions. Physical therapists working in direct access roles are assuming greater diagnostic responsibility. The role of musculoskeletal imaging in physical therapist practice is therefore becoming increasingly important. 127 Availability of diagnostic studies to physical therapists may vary greatly depending upon many factors within the practice setting. US Army physical therapists functioning as direct access providers have long held privileges for ordering imaging studies and laborator y tests considered essential to their diagnostic role. 7, 12, 43, 47, 48 Physical therapists who do not have the privilege to order imaging studies, especially with the greater direct access role conferred to physical therapists, should still be familiar with the indications and role of diagnostic radiology. In these situations, physical therapists should establish the proper professional interactions with individuals who can facilitate ordering necessary imaging studies.
The Evidence Regarding the Use of Musculoskeletal Imaging Studies by Physical Therapists
There is limited but increasing evidence that physical therapists appropriately use diagnostic studies in clinical practice. A study comparing the care administered by physical therapists with orthopaedic surgeons in the primary management of musculoskeletal problems determined that the physical therapists were most cost effective, with no difference in patient outcomes except that the patients seen by the physical therapists were more satisfied with their care. 20 Although the physical therapists had equal ability to order the imaging studies, they were less reliant on imaging in their diagnostic strategies. This resulted in cost savings and a reduction in patient exposure to ionizing radiation. Other retrospective studies have similarly found that when physical therapists working in direct access settings have privileges for ordering imaging studies, the utilization of such studies are reduced by up to 50%. 43, 47, 48 A recent retrospective study compared the clinical diagnostic accuracy of physical therapists, orthopaedic surgeons, and nonorthopaedic providers on patients with musculoskeletal injuries referred for magnetic resonance imaging (MRI) studies. 72 The reference standard for diagnostic accuracy was the radiologist's official reading of each MRI study. No difference was found between the diagnostic accuracy of the physical therapists and the orthopaedic surgeons. The nonorthopaedic physicians were, however, significantly less diagnostically accurate than physical therapists and the orthopaedic surgeons. studies in their practice setting, they should be familiar with musculoskeletal imaging indications, limitations, risks, and benefits. At a minimum, physical therapists should be able to suggest the appropriate imaging study according to clinical practice guidelines or other current evidence for diagnosis. The type of imaging that will best reveal the suspected pathology, with the least risk to the patient, at a reasonable price should be recommended. Many providers who refer to physical therapists have a limited knowledge of musculoskeletal diagnosis and the diagnostic indications of musculoskeletal imaging modalities. 30, 31, 65, 72 Therefore, the informed physical therapist may be in a good position to either order diagnostic imaging procedures or to make recommendations according to current practice guidelines and the diagnostic utility of the various procedures.
At times it may be clearly evident from the patient/ client history, the review of systems, or the test and measures, that imaging studies are indicated. At other times the need for imaging may only become apparent in the absence of an appropriate response to the physical therapy intervention. Whenever the response to the intervention is not consistent with the prognosis, additional diagnostic testing, including the appropriate imaging study, may be indicated. As in the currently recommended evidence-based diagnostic strategies for acute low back pain (LBP), 8, 49 the physical therapist may need to determine the degree of response to physical therapy intervention before making a decision on the need for imaging studies or laboratory tests.
Imaging studies are normally indicated only when positive findings will influence decision making. For example, pubic rami and proximal tibial stress fractures are common training injuries among military recruits. 3, 6 When appropriately managed, these injuries will rarely require medical or surgical intervention. Accordingly, if the patient/client history, review of systems, or tests and measures strongly suggest a tibial stress fracture and are not consistent with infection, neoplasm, or other serious pathology, physical therapy intervention may be initiated without diagnostic studies. If the injury responds consistent with the expected prognosis, imaging studies may not be required. Comparatively, stress fractures of the femoral neck, with primary involvement of the superior or primary tension trabeculae, are often treated surgically. A more aggressive approach involving both early diagnostic imaging and surgery may be warranted to prevent the possible catastrophic consequences of a complete femoral neck fracture in a young person. Imaging that reveals a femoral neck stress fracture will alter the physical therapy intervention and may indicate a need for surgery. Surgical stabilization of the fracture is typically based on the area and extent of involvement of the femoral neck. 16, 77 Therefore, whenever a physical therapist is suspicious of a femoral neck stress reaction or fracture, imaging that is sensitive for the disorder is promptly indicated. In other situations, a patient may have clinical findings of a condition where there is evidence for the benefit of treatment such as a surgical procedure. However, if the patient is not willing to undergo the treatment that requires imaging, or if the patient is not a suitable candidate for the treatment, there is again no reason to pursue the imaging study. A good example might be an elderly patient in poor physiological health with an apparent rotator cuff tear by clinical examination. If the patient is not a surgical candidate, advanced imaging, such as an MRI, adds expense to the care of the patient without influencing the treatment or outcome.
The Diagnostic Utility of Musculoskeletal Imaging Procedures
For the physical therapist to be successful in differential diagnosis, it is essential to have a working familiarity of probability-based diagnosis and the diagnostic test properties sensitivity, specificity, positive and negative likelihood ratios, and positive and negative predictive values. 32, 90 To appropriately select from among competing diagnostic tests, physical therapists must be able to recognize when the sensitivity is appropriate to screen for a given condition, and to know when the specificity is adequate to confirm the condition.
Plain film radiographs are not sensitive to subtle pathology. Significant changes to the structure of bone must occur before radiographs will reveal it. Therefore the chance of having a false negative for subtle, early-stage pathology, such as stress injuries, metabolic bone disease, infectious processes, nondisplaced fractures, and neoplasms, is high with plain radiographs. There are a number of published case reports of patients who have presented to the emergency department with strong suggestion of hip fractures after a fall. 18, 60, 78, 79 These patients all had negative radiographs and in some cases negative CT scans. In each case the physicians were so strongly convinced that a fracture was present they persisted with special MRI sequences and ultimately revealed the fractures. The strong pretest likelihood of a fracture in these hip fracture cases motivated the physicians to pursue incrementally more sensitive imaging studies despite the negative test results. Learning test properties, such as specificity and sensitivity, with respect to each imaging modality for select pathology greatly assists the physical therapist in recognizing the potential for false negative or false positive test results. MRI has become the standard in many cases for imaging acute injuries, due to the low potential for false negatives given the appropriate image sequences. 24 
The Relevance of Pathology Revealed in Diagnostic Images
It is important to understand that diagnostic images must be interpreted within the broad context of a comprehensive history and physical examination. There are many examples in the published literature of pathology in the spine and extremities in the asymptomatic population. MRI findings of knee pathology have been reported in asymptomatic collegiate basketball players. 64 Calcific tendonitis and rotator cuff tears have been reported in the shoulders of asymptomatic individuals. 25, 26, 67 A wide variety of spinal pathology, including disk protrusions, herniations, free fragments, and annular tears have been demonstrated on the MRIs of asymptomatic persons. 37, 45, 50, 81, 93, 96 The radiologist will often suggest clinical correlation of imaged pathology on the official report. The comprehensive clinical examination will typically provide the appropriate relevance to any pathology identified with an imaging study.
Potential Errors in Musculoskeletal Imaging
Imaging studies are subject to the same sources of error as other diagnostic tests. The images from one patient may be mistaken for those of another patient, the wrong extremity may be imaged, obvious injuries may be imaged while other injuries are missed, areas of referred pain rather than the source of the symptoms may be imaged, and the images may be misinterpreted by the radiologist or referring provider. 36, 125 Images may also be of poor quality or not reveal all the structures intended for that particular view. The most common reason for missed cervical fractures is technical error resulting in inadequate visualization of the seventh cervical vertebra. 38 Inadequate examination may lead the clinician to erroneous conclusions regarding the region to be imaged or the type of imaging study indicated. A thorough examination tailored to the patient's presentation and a current knowledge of diagnostic standards and evidence-based interventions are essential to accurately determine the need for imaging and the appropriate body region(s) to be studied.
A common error in musculoskeletal imaging is to image an area of referred pain. Although any detailed discussion of referred pain is beyond the scope of this article, there is general consensus that symptoms can be referred remotely from the origin of pathology, that pain can be referred from both somatic and visceral structures, and that palpation tenderness may indeed exist in the area of the referred pain. 2, 23, [33] [34] [35] 41, 62, 66, 73 Diagnostic studies of referred-pain locations are likely to reveal only irrelevant pathology or appear normal. Careful planning and execution of the patient/client examination based on the unique presentation of each patient, with full consideration of the possibility of referred pain, will help reduce such examination errors. Consistent examination procedures, such as examining and clearing the cervical or lumber spine for extremity complaints, and examining and clearing the joint and surrounding area proximal to the area of symptoms, will help identify the true source of referred pain. For example, there are a number of case studies 5, 13, 29, 80, 122 documenting missed hip pathology in the pediatric population due to the referral of symptoms from the pelvis and hip to the distal thigh and knee. This presentation has resulted in delayed diagnosis and treatment, and increased imaging of the normal structures in the area of the referred pain. Another example of the diagnostic challenges presented with referred pain and irrelevant pathology revealed in diagnostic images is presented in the lumbar and cervical spine. The lower levels of these spinal regions are typical locations for pathology even in asymptomatic persons. 50 Because the upper aspects of these spinal regions are known to refer symptoms distally, the potential exists to mistakenly correlate asymptomatic pathology at lower spinal levels with the pain that is being referred from higher spinal levels. [33] [34] [35] Sometimes the more obvious or more symptomatic area obscures the need for imaging of other injuries or pathology. Common examples include ankle sprains accompanied by foot fractures and lower extremities fractures accompanied by spinal fractures. Careful examination of all possibly involved body regions is required to minimize these diagnostic errors.
Ordering Diagnostic Images
The physical therapist may have the opportunity to select or recommend the type of imaging and the appropriate sequences or views. Therefore it is important for physical therapists to understand the most current diagnostic standards and imaging recommendations for a given condition. Familiarity with evidence-based screening and diagnosis strategies for the most common conditions in any given practice will facilitate proper decision making.
To accurately interpret the imaging study, the radiologist is dependent upon the requesting provider's description of the mechanism of injury and the location of the suspected pathology or areas of symptoms. Radiologists appreciate brief but anatomically correct descriptions from providers that allow them to focus on specific areas and to make judgments on the relevance of identified pathology. Under normal circumstances, the provider ordering the imaging can also request the appropriate priority for routine, serious, and life-threatening conditions. In some settings, the wait for an MRI or CT scan is significant. While emergency requests will have clear priority, patients with other less serious conditions may have to wait an extended period for the study. This waiting period underscores the need to judiciously use imaging studies according to the best available evidence. Overutilization of imaging unnecessarily delays the care process and increases health care costs.
Interpretation of Diagnostic Images
Many clinicians assume that the most important aspect of diagnostic imaging is recognizing pathology. While recognizing and assessing clinically important pathology may facilitate many aspects of clinical care, the responsibility for interpreting diagnostic images rests primarily with the radiologist. However, skilled physical therapist review of images, combined with information from the patient/client examination or intervention, may help to reveal overlooked pathology or provide relevance to pathology reported on the official reading. 11, 36, 89, 121, 125 It is, however, relatively much more important for a physical therapist to recognize the indications for diagnostic imaging, to select the most appropriate imaging study, and to image the appropriate area(s) than it is to interpret the image.
Conventional Radiographs
When appropriate, conventional radiographs represent a cost-effective and highly specific imaging modality useful for demonstrating a wide range of skeletal pathology. Conventional radiographs use ionizing radiation to produce high-resolution analogue images on specialized film. Similar to many other types of images, they can also be digitized for transmission and viewing on computerized systems. Radiographs are useful to distinguish air, bone, calcification, fat, soft tissue, and fluids. Depending upon the intent of the radiographic study, a beam of ionizing radiation is directed at a standardized angle to the area to be imaged. Each substance or tissue will absorb varying amounts of the radiation producing images of relative radiodensity and radiolucency. Air absorbs the least radiation and therefore appears to be the most radiolucent or has the darkest appearance on radiographs. Fat, fluids, soft tissue, muscle, bone, and metal will progressively absorb more ionizing radiation, thereby producing a relatively more white or radiopaque appearance on the radiograph. Typically, radiographs are used to demonstrate bone origin pathology, the relationship of bone structures, or the relationship of foreign objects to skeletal structures. The degree of detail provided for muscle, ligament, or tendon injuries is not adequate to be diagnostically useful.
27,69 Radiographs demonstrate fine cortical and trabecular detail of bone and characterize certain types of bone reactions associated with benign and malignant neoplasms and infections. Fractures ranging from simple to complex, avulsion fractures, and later-stage stress fractures may be identified with radiographs. The minimal radiographic examination includes 2 views of the imaged body part at right angles to each other. Fractures may appear to be dramatically less complex or less displaced in one view than another. Many facilities have standardized views for providers to choose from when ordering plain radiographs and other imaging procedures. Current knowledge of the diagnostic evidence will facilitate appropriate decision making with respect to the required views. For example, 4 standardview radiographs (anterior to posterior, lateral, and both obliques) have been demonstrated to be superior to 2 standard-view radiographs (anterior to posterior and lateral view) for detecting knee fractures. 42 Specific injuries may be best demonstrated with specialized views in addition to the standard views.
Ionizing radiation exposure is an important consideration for diagnostic radiology. Shields must be used to protect any body parts that will be exposed to radiation but are not of interest in the examination. The diagnostic imaging literature can be helpful to select appropriate views that limit radiation exposure. For example, radiation exposure to the breasts and thyroid gland as well as the resultant cancer risk can be reduced by simply using posterior-to-anterior rather than anterior-to-posterior views in the monitoring of long-term conditions such as scoliosis. 58, 59 Shielding of the breasts is indicated whenever possible. 58, 59 Lumbar spine oblique and spot lateral views, and isolated sacroiliac joint view radiographs are rarely indicated due to the high levels of associated gonadal radiation, particularly in female patients. 70, 88, 92 Plain radiographs are not considered to be sensitive to the early changes associated with tumors, infections, and some fractures. However, they may be more specific than bone scans and even MRI in differentiating potential etiologies of lesions because of their proven ability to characterize specific calcification patterns and periosteal reactions. Due to the lack of sensitivity of plain radiographs for many subtle pathologies, more sensitive procedures should be considered when the pretest likelihood strongly suggests pathology, despite normal plain films. 27, 28 Plain radiographs should be interpreted in a systematic manner that lessens the tendency to jump to the obvious pathology and thereby miss other perhaps more subtle pathology. One simple and commonly taught method of interpreting plain films is referred to as the ABCs. 19, 124 Although there is no evidence that this method is superior to any other for studying plain films, it is considered to be a useful systematic method. The ''A'' is used to study the size, number, shape, and alignment of bones. Pathology visualized includes fractures, dislocations, and cortical alterations. The ''B'' is used as a reminder to study bone density, including general and focal bone density, and trabecular alterations that are indicative of metabolic bone disease, infections, tumors, and arthritic changes. The ''C'' is a reminder for studying cartilage space, including the width and symmetry of the joint space and the contour and density of the subchondral bone. Degenerative and rheumatoid arthritis are among the more common pathologies producing joint space alterations. The ''S'' is the reminder to study the soft issue for gross swelling, capsular distension, periosteal elevation, and signs specific to certain areas of the body, such as the appearance or increased visibility of the fat pads of the elbow. For example, there are pads of fat in the olecranon and coronoid fossa at the elbow. On a lateral-view radiograph of the normal elbow, the posterior fat pad is not visible, and the anterior fat pad is slightly visible as a thin area of relative lucency just anterior to the coronoid fossa. Increased visibility of either pad after elbow trauma is strongly associated with an elbow fracture. 76 
Appropriate Use of Radiographs
Overuse of radiologic imaging studies has been a significant economic problem in the United States for many years. Although radiographic studies are inexpensive compared with some of the advanced imaging studies, the economic impact of lower-cost but higher-volume procedures can be substantial. 119 Clinical prediction or decision rules that indicate when there is a need for radiographic studies for specific types of injuries have been developed to help reduce unnecessary imaging studies. In general, clinical decision rules (CDRs) are clinical tools that can quantify the individual contribution of the components of the examination for determining the diagnosis, prognosis, or treatment in a given patient. CDRs formally test, simplify, and increase the accuracy of diagnostic and prognostic assessments. Attempts have been made to categorize a CDR based on the criteria of the method of derivation, the validation of the CDR to ensure that its repeated use leads to the same results, and its predictive value. 39, 40, 56, 57, 75, 82, 84, [98] [99] [100] [101] [102] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] CDRs have been developed primarily for use by emergency department physicians. Most CDRs are developed for maximum sensitivity to avoid missing relevant findings that may indicate the need for further testing or to guide treatment selection. Physical therapists using CDRs to guide their decision-making process should also bear in mind that the rules apply to acute, first-time presentations of significant injuries. 
Indications for Radiography If Any Are Present
Patient is older than 55 y Tenderness at the head of the fibula Isolated tenderness of the patella Inability to flex the knee to 90°I nability to weight bear 4 steps both immediately after the injury and in the emergency department
Exclusion Criteria
Age less than 18 years Isolated superficial skin injuries Injuries more than 7 days old Recent injuries being re-evaluated Patients with altered levels of consciousness Paraplegia or multiple injuries 
Indications for Radiography If Any of the Following Are Present
Bone tenderness at the posterior edge or tip of the lateral malleolus Bone tenderness at the posterior edge or tip of the medial malleolus Inability to bear weight both immediately and in the emergency department
The Ottawa knee rules for radiography (Table 1 ) include 5 indication criteria. 106, [112] [113] [114] If any of the 5 criteria are present, radiographs are required. Similarly, the rules use 6 criteria to describe situations where the rules cannot be applied. The Ottawa knee rules are 97% sensitive and 27% specific for knee fractures. 112, 114 The Ottawa ankle rules for radiography (Table 2 ) and the Ottawa foot rules for radiography (Table 3) each use 3 inclusion criteria. 61, 98, 99, 103, 104, 110 The Ottawa ankle rules are 100% sensitive and 40% specific. The Canadian cervical spine rules (Table 4) use high-risk and low-risk factors. If any high-risk factors are present, radiographs are indicated. If no high-risk factors are present and the low-risk factors describe the mechanism of injury and patient presentation, simple active range of motion testing is considered safe. If cervical range of motion is less than 45°in either direction, radiographs are indicated. The Canadian cervical spine rules are 100% sensitive and 43% specific for cervical fractures. A clinical decision rule based on establishing pretest probability using clinical signs and symptoms with the diagnostic standard of Doppler ultrasound and invasive venography has been developed for the diagnosis of lower-extremity deep vein thrombosis. 123 This CDR has been validated 87, 126 and studies suggest that the diagnostic accuracy for deep vein thrombosis in orthopaedic outpatients could be improved for both physical therapists and orthopaedic surgeons by implementing the CDR.
85,86

Tomography
Tomography is a type of body section radiography that allows for visualization of lesions down to 1 mm or lesions that might be obscured by overlying structures when imaged with plain radiographs. 44 Tomography utilizes relatively higher doses of ionizing radiation, but it is confined to a smaller area and produces images that typically have superior resolution to that of plain radiographs. 69 Conventional tomograms and computed tomography (CT scans) are the 2 general types of tomography. To produce plain radiographs, the beam of ionizing radiation and the film cassette are prepositioned and the film and the body part remain stationary while exposed to the radiation. In conventional tomograms, the tube producing the radio- 
Indications for Radiography If Any of the Following Are Present
Bone tenderness at the base of the fifth metatarsal Bone tenderness at the navicular Inability to bear weight immediately and in the emergency department graphic image and the radiographic film move simultaneously, resulting in an image from a single plane of focus within a specific area of interest. Sequential images are taken in parallel planes until the desired area has been adequately imaged. The radiographer can adjust the thickness of the slices through the imaged area. When compared to plain radiographs, conventional tomography provides increased capability to demonstrate the details of subtle pathology, including fracture lines, fracture healing, small tumors, and cystic and sclerotic lesions of bone. Tomograms and radiographs may be interpreted together to facilitate comparison. 44 A CT scan or CT is another radiologic modality utilizing a source of ionizing radiation, radiation detectors, and a computer for data processing. A CT system includes an X-ray tube within a circular scanning gantry, a patient table, an X-ray generator, and a computerized data-processing unit. The patient is positioned on a table and then moved inside the scanning gantry. The X-ray tube is rotated 360°a round the patient, while the computer collects the data and formulates an axial image through the area of interest. The thin axial image is called a slice. 44 Multiple X-ray beams projected at different angles and levels produce a series of computer-generated cross-sectional images or slices of the body. The computer determines the relative impedance of the body tissues to the X rays and subsequently assigns relative density values to each point in the body. Images are constructed of relative shades of gray. Bone and soft tissue differences are the most striking. The ability to differentiate between types of soft tissue, such as tendons and ligaments, is limited, while the cortical and trabecular definition of bone is excellent. CT is well suited to examine the spine and the extremities and may be combined with arthrography for joint injuries.
CT is generally considered to be the less complex and expensive alternative to MRI. The main variable in CT is the thickness of the slice. Slices as thin as 1 mm may be required to produce good reformations. Disadvantages of CT include higher radiation doses and higher cost when compared to conventional radiography. 69 When radiographs are normal and the patient/client examination strongly suggests fracture, CT may represent the next diagnostic step to rule out a fracture. Recent advances in MRI capability are challenging the traditional diagnostic advantages of CT for bone pathology, although CT is still preferred for the details of cortical bone. The combination of CT and MRI may be used for evaluating combinations of bone and soft tissue injuries. MRI is considered more useful for disc herniations, but the reconstruction of thin axial images from the spinal segment into images in the sagittal, coronal, or oblique planes may allow CT to provide additional details of spinal osteophytes and spinal fractures. These fractures range from stress fractures of the pars interarticularis to complex burst fractures of the vertebral bodies.
MRI
Primarily due to the ability to image both bone and soft tissue structures with excellent resolution in 3 dimensions, MRI is rapidly becoming the imaging modality of choice for a wide spectrum of musculoskeletal pathology. 91 MRI scans use magnetic fields from large and powerful magnets to produce computer-generated axial, sagittal, and cross-sectional images of the body.
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MRI uses the magnetic properties of the body's tissues rather than ionizing radiation to produce an image. Patients positioned in the MRI scanner are exposed to a strong magnetic field and radiofrequency (RF) pulses that produce measurable changes in the body's atoms. MRIs depend on the intrinsic spin of atoms (typically hydrogen) with an odd number of neutrons or protons, which produces a magnetic moment. The atomic nuclei of tissues placed within the field align to the direction of the magnetic field. The atoms are subjected to the additional influence of RF pulses from the magnetic coils and the atomic response is registered. The RF pulses cause the nuclei to absorb energy and produce resonance that is characteristic for the type of tissue. Upon removal of the RF pulse, the energy absorbed is released as an electrical signal from which digital images are derived. The signal intensity refers to the strength of the radio wave that a tissue emits following removal of the RF pulse. The strength of the radio wave produces either bright high-signal-intensity or dark-low-signal-intensity images. Signal intensity in a specific tissue will depend both upon the T1 and T2 relaxation times, and the relative concentration of hydrogen ions. 44 The longitudinal or T1 relaxation refers to the return of protons to equilibrium following the application and removal of the RF pulse. The transverse or T2 relaxation time describes the associated loss of coherence or phase between individual protons immediately following the application of the RF pulse. Tissue contrast is enhanced, as required by varying the RF pulse sequences, to increase the differences in T1 and T2 relaxation. MRIs are subsequently referred to as T1 or T2 weighted.
On T1-weighted images subacute hemorrhage and fat have characteristic bright signal intensity. Due to the typical high fat content, bone appears bright in a T1-weighted MRI. Abscesses or cysts that contain high levels of proteinaceous material will have a medium to bright appearance, while other soft tissues will have characteristic low signal intensity.
51 T1-weighted images are thought to be particularly well suited to reveal the details of anatomy as they clearly delineate the architecture of a variety of soft tissue structures.
By comparison, fluids are demonstrated as highsignal-intensity images in T2-weighted MRIs. The ''2'' in H 2 O can be used to help remember that fluids and fluid-containing structures, such as bursae, inflamed tendons, tumors, and abscesses will have a bright appearance in T2-weighted images.
51 T2-weighted images, overall, reveal less detail in soft tissue structures and are therefore less suited for the study of fine anatomic features. Proton-densityweighted images combine the properties of T1-and T2-weighted images and produce good anatomic detail with little tissue contrast.
The high signal intensity of fat in certain MRI sequences can overwhelm the appearance of pathology and will need to be suppressed by one of several mechanisms to adequately reveal signal differences between fat and fluid. Fast spin echo (FSE) T2-weighted images produce particularly bright fat images. Fat suppression or saturation produces a dull appearance to fat for a better contrast with the bright signals from fluids. Inversion recovery (STIR) is another technique that reduces the signal from fat while increasing the signal from fluid and edema. 51 Patient movement in MRI is an important factor that can dramatically decrease image quality. Voluntary and involuntary patient movements, respiratory movements of the ribcage, or peristaltic movements of the bowel can all reduce the quality of the acquired images. Slices that are too thin or that are acquired too close to each other can produce interference and also decrease image quality.
FSE acquisition of images can reduce the required acquisition time, thus lessening the potential for patient movement. To produce a spin echo effect, a second RF pulse is rapidly applied producing a spin echo effect or echo of the original signal. Spin echo pulse sequences include T1-, T2-, and proton-densityweighted images. FSE proton density MRIs reveal anatomic detail, while FSE T2-weighted MRIs with fat saturation are well suited to reveal marrow pathology. They are also selected for patients with metal hardware.
There are both absolute and relative contraindications for MRI procedures. Any implants or objects of ferromagnetic metal that could become dislodged due to the strong magnetic fields utilized in MRI are absolute contraindications for the procedure. Examples include cerebral aneurysm clips, pacemakers, shrapnel, unstable orthopaedic hardware, and the undetected metal slivers a machinist may have lodged in the eye. The most important detail is to determine if the metal object or device in question is ferromagnetic. MRIs may be obtained in the presence of orthopaedic hardware that is firmly implanted with the possibility of some local signal interference. A relative contraindication of MRI includes intolerance of the procedure by claustrophobic patients and the inability of the patients to be motionless during the procedure. The relative high cost of the procedure is a limiting factor.
MRI produces high-quality images of large joint components, such as fibrocartilage, ligaments, capsules, and synovium, as well as small joints and fine soft tissue structures. The use of the appropriate coils and pulse sequences provides the ability to produce the appropriate detail. The standard MRI of joints includes images in 3 orthogonal planes, one of which suppresses the characteristic bright signal of fat for improved contrast. A FSE or gradient echo sequence should be included in each joint study to evaluate articular cartilage. Adding intra-articular contrast to an MRI study increases the sensitivity to diagnose rotator cuff tears, labral lesions, or articular cartilage injuries. Compared to the gold standard of arthroscopy for the evaluation of anterior cruciate ligament injuries, MRI has a diagnostic accuracy of more than 90%. 119 MRI is useful to diagnose muscle and tendon tears and is thought to be superior to ultrasonography for monitoring the stages of healing. 17 MRI has been proven superior to CT for delineating combinations of multiple soft tissue and osseous insults. 27 MRI is also considered more useful than CT to demonstrate abnormalities of bone marrow. Benign tumors may be distinguished from malignant spinal lesions, and the extent of tumors and the relationship of the tumor to neighboring tissues may be distinguished with specific types of MR sequences. 27 MRI has been suggested as the gold standard for detecting bone stress injuries. 1, 53 The sensitivity of MRI for stress fractures has been reported to be as high as 100%, with a specificity of 86%, and an overall accuracy of 95%. 1, 52, 53, 83, 128 The highest sensitivity and observer agreement for stress fractures are reported with STIR and T2-weighted MRI sequences.
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Scintigraphy
Scintigraphy or bone scans reveal the uptake of a radiopharmaceutical substance (radio-labeled phosphate) into areas of reactive bone. Hours prior to a bone scan, the radiopharmaceutical substance is injected into a patient. The skeletal system is subsequently scanned by a detector to reveal areas of increased radionuclide uptake. All normal bone has some degree of metabolic activity and will therefore ultimately incorporate some of the radiopharmaceutical substance. The most metabolically active areas, such as bone attempting to heal after a fracture or responding to a neoplasm or infection, will typically have recognizably increased uptake at those areas. Areas of bone with the most uptake will appear as dark or ''hot'' areas on the scan.
Bone scans are primarily used to scan for the presence and distribution of lesions. 27 Patients that are diagnosed with cancer may subsequently undergo a bone scan to help screen for metastasis to skeletal structures. Bone scans are sensitive but not specific, as many pathologies produce similar appearances on bone scan. Bone scans are considered to be sensitive for changes in bone associated with fractures (including stress fractures), infections, and tumors. 69 One notable exception to the sensitivity of a bone scan occurs with multiple myeloma, a malignant neoplasm of plasma cells. 4 Musculoskeletal manifestations of multiple myeloma include diffuse osteopenia and multiple lucent areas of bone that eventually result in painful pathological fractures. The lucent areas represent ''cold lesions'' that may not be metabolically active enough to cause increased uptake of the radiopharmaceutical on a bone scan. An elevated erythrocyte sedimentation rate (a nonspecific indicator of inflammation) plus the appearance of osteopenia on plain radiographs elevates the clinical suspicion of myelomatosis, thereby requiring full medical evaluation, including additional laboratory tests and potentially a biopsy.
Bone scans are commonly utilized by physical therapists in the US Army to detect stress fractures among training soldiers. Although radiographs may eventually reveal stress fractures, their lack of sensitivity limits their diagnostic use. Complete and displaced femoral neck fractures and subsequent avascular necrosis of the femoral head can result from an unrecognized or improperly treated femoral neck stress fracture. In a training soldier or athlete with a high pretest probability of a femoral neck stress fracture, who has normal radiographs and/or a normal bone scan, an MRI with T2 and STIR sequences is warranted. The radionuclide bone scan will also reveal old and well-healed fractures, degenerative joint disease, open growth plates, and the sacroiliac joints as areas of increased radiopharmaceutical uptake. The patient/client examination, including the history, will help differentiate these types of findings for relevance to the current presentation.
Ultrasound
Ultrasound imaging is a fast and inexpensive tool that is capable of producing excellent images of the musculoskeletal system without the use of ionizing radiation. It is highly sensitive to the identification of fine soft tissue changes. Although primarily used for research purposes at this time, some physical therapists currently use ultrasound to image real-time muscle contractions, tendon gliding, and to assess muscle size in clinical practice. Valuable rehabilitation information on a broad spectrum of soft tissue injuries and conditions could be provided to the physical therapist through ultrasound images.
Images in ultrasonography are created by the use of sound waves that are produced by a sound head and directed into the area of interest. The sound waves are sent into the tissues under the sound head through a water-soluble coupling medium and the sound waves are imaged as they return. Differences in signal return provide the ability to distinguish among structures and the integrity of a given structure. Ultrasound is thought to produce better images of more superficial structures, making it more useful in thin patients. Substances that reflect sound, like bone and metal, cannot be adequately imaged for diagnostic purposes. Ultrasound is an excellent modality for imaging the rotator cuff of the shoulder, but it is typically unable to image some aspects of the glenoid labrum. Ultrasound has also proven useful in the evaluation of a traumatic hemarthrosis of the knee, while certain structures, such as the menisci, articular cartilage, and cruciate ligaments, can be difficult to image and distinguish. 119 Early changes associated with rheumatoid arthritis, such as synovitis, capsular swelling of the metacarpophalangeal and talocrural joints, and bone erosion, are better demonstrated with ultrasound examination than clinical examination or conventional radiography. 63, 118 Ultrasound has a demonstrated role in the diagnosis of acute muscle and tendon injuries. 17 The use of ultrasound for monitoring healing processes, such as ruptured Achilles tendons or torn hamstring muscles, has not been well defined. 71 Ultrasound appears to be well suited for physical therapist use because of the direct operator interaction with the patient. The operator is in essence performing a physical examination and palpating deeply with the aid of the ultrasound, guided by a working knowledge of anatomy and the patient description of their symptom location. Operator skill and experience has been reported to be a large factor in the diagnostic utility of ultrasound images, accounting for the disparity of reported sensitivity for musculoskeletal pathology. 15, 46, 120 Power Doppler ultrasound produces detailed images of intramuscular and intratendinous structures and can demonstrate hyperemia in the rotator cuff and biceps tendon, as well as other soft tissue shoulder pathology. Depending on a number of factors, including operator skill and experience, power Doppler ultrasound may be as sensitive as MRI and is particularly useful in distinguishing chronic tendonitis from acute tendonitis and rotator cuff tears. 15, 46, 120 
Imaging Studies for LBP
Due to the high volume of patients with LBP seen in physical therapist practice and the frequent inappropriate use of lumbar spine imaging studies, current evidence-based guidelines for LBP imaging deserve special attention. 97 Lower back radiographs have been described as the single most overprescribed diagnostic imaging procedure, resulting in increased cost, excessive gonadal radiation exposure, and irrelevant findings that lead to inappropriate diagnoses and treatment. 97 Only 1 of 2500 plain radiographs detects something not suspected on the medical history and examination that has an impact on patient care. 97 In 1994, the Agency on Health Care Policy and Research (AHCPR) published guidelines [8] [9] [10] to help standardize the management of acute LBP. The AHCPR guidelines on the management of acute LBP are now officially archived, but they have been reviewed and determined to still be appropriate for the management of acute LBP. 49, 74, 97, 117 Primary care provider education regarding the evidence for the management of LBP has been shown to reduce imaging studies, specialty referrals, and surgery. 9, 11, 54 Consistent with the original ACHPR guidelines, in the absence of red flags, routine testing, such as laboratory tests, radiographs, and other imaging studies are not recommended during the first month of acute LBP management. 8, 22, 49 Red flags or key findings suggestive of serious pathology include general health changes, history of a primary cancer, unexplained weight loss, fevers and chills, recent history of infection, loss of bowel or bladder control, saddle paresthesias, rigid paraspinous or iliopsoas muscular spasm, severe pain, atypical location of symptoms, and extreme limitation of movement. The presence of these red flags, increase the probability of serious underlying spinal conditions such as a fracture, tumor, infection, or cauda equina syndrome.
A thorough patient/client examination should identify most patients with LBP who require imaging studies. Application of evidence-based screening strategies can determine the possibility of certain conditions and thereby reduce the need for imaging studies. For example, when the patient is younger than 50 years of age, without a history of a primary cancer or unexplained loss of weight, and the patient is improving over time or responding to conservative therapy, cancer can be ruled out in patients with LBP with 100% sensitivity. 22, 49 Equally sensitive combinations of questions for spinal infections and fractures have not been determined. The sensitivity of fever for spinal infections ranges from 27% to 83%, depending on which spinal structures are infected. 22, 49 Immunocompromised status, intravenous drug use, recent urinary tract infections, pelvic inflammatory conditions, and surgery are associated with increased risk for spinal infection.
The presence of a possible red flag will require clinical judgment to determine if plain radiographs or laboratory tests are required at the initial visit. 49 Definitive red flags identified at the initial visit require anterior-posterior and lateral view radiographs, and simple laboratory studies such as an erythrocyte sedimentation rate (ESR) and possibly a complete blood cell count (CBC). In patients with a history of a malignant process, metastatic disease must be ruled out as a cause of LBP. The lumbar spine is the most common site for secondary deposits to musculoskeletal tissues from primary cancers of other systems. For acute LBP in patients with a history of a primary cancer, the screening strategy of radiographs and ESR applies. The combination of radiographs and an ESR has been shown to be a very sensitive method to screen for occult neoplasms and other systemic disease, such as infection. Deyo and Diehl 21 reported on 1975 screened patients with back pain and all cases of occult neoplasms had either an abnormal film or an elevated ESR.
When imaging and laboratory studies are required due to the absence of improvement with intervention or the presence of red flags, the initial radiographs should be limited to anterior-to-posterior and lateral views. The additional diagnostic value of coned lateral views and oblique radiographs are generally not worth the additional radiation exposure, particularly to female patients. Oblique lumbar radiographs, usually done to screen for spondylolysis, double the X-ray dose to the patient and rarely add useful clinical information in adults. Although oblique radiographs do provide visualization of the pars interarticularis in the case of suspected spondylolisthesis, MRI or CT more accurately guides decision making for a suspected acute pars fracture.
14 Flexion/extension films are useful to identify spondylolisthesis with associated instability, although clinical judgment is required to determine the appropriate candidates for this imaging and the potential clinical relevance of any findings. 55, 68, 116 Advanced imaging studies, such as bone scans, MRI, and CT, should be reserved for patients with LBP who are likely surgical candidates, patients whose symptoms do not respond over a longer period of time, patients whose symptoms are not consistent with typical musculoskeletal presentations, and patients with abnormal screening findings. 94, 95 In patients with a strong pretest likelihood of spinal pathology, normal radiographs and an elevated ESR, advanced imaging studies are indicated. Bone scans are more sensitive than plain films for detecting either infections or neoplasms of the spine. MRI provides greater anatomic detail, with increased sensitivity and specificity at about twice the cost of a bone scan. The sensitivity of bone scans for neoplasms ranges from 74% to 98%; the sensitivity of MRIs ranges from 83% to 93%. 49 MRI is an appropriate study to provide anatomic detail of a herniated disc before surgery for patients who are limited by sciatica for more than 4 weeks and show physiologic evidence of neurologic dysfunction. Careful clinical correlation is required for any imaged pathology, as anatomic abnormalities of the lumbar spine, including degenerative changes and abnormal discs, are commonly found in the asymptomatic population and these findings increase in frequency with older patients. 50, 96 The screening strategy is dependent upon the sensitivity of the ESR for infectious processes, as plain films have the least sensitivity for spinal infections. Radiographic abnormalities may not appear in spinal radiographs for 2 to 8 weeks. 44 MRI has been found to be as equally sensitive to spinal infections as CT myelography, with 96% sensitivity and 92% specificity. Additionally, MRI provides better imaging of the vertebral bodies, intervertebral disks, and paravertebral tissues. T1-weighted MRI is superior to CT myelography for providing details of the anatomic limits of the abscess, the degree of cord compression, and paraspinal and vertebral involvement. 49, 94, 97 Nonspinal conditions, such as vascular, abdominal, urinary, or pelvic pathology, are capable of referring symptoms to the lower back. Suspected pathology within these systems may indicate a need for additional screening questions, tests, and measures, such as abdominal and pelvic region palpation, and laboratory tests and/or imaging procedures such as ultrasound or CT.
CONCLUSIONS
In conclusion, musculoskeletal imaging represents an increasingly important diagnostic tool for physical therapists, regardless of whether the physical therapist can presently order the studies or simply use the results in the differential diagnosis decision-making process. The evidence suggests that physical therapists can use their strong knowledge of anatomy and experience in musculoskeletal examination to appropriately decide when to order imaging studies, thereby reducing imaging rates, with no adverse outcome to the patient. For optimal diagnostic efficiency and accuracy, it is essential to understand probability-based diagnosis and to stay current with the evidence related to the diagnostic properties of the various imaging modalities for common conditions physical therapists are likely to encounter in clinical practice.
